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(57) ABSTRACT

There 1s provided a method of fabricating a MOSFET
having a source region and a drain region, having a LDD
region, respectively, 1n respective regions directly beneath
the edges of the gate electrode even without forming the
sidewalls of the gate electrode. A silicide layer 18 1s formed
on the surface of a polysilicon layer 16 through selective
growth of material used for a gate silicide {FIG. 1(A)}, and
thereby a gate electrode made up of the polysilicon layer 16
and the silicide layer 18 1s formed. Subsequently, a first
implantation of ions 1n low concentration 1s performed
whereby arsenic ions As™ or phosphorus ions P*, in low
concentration, are 1mplanted into the surface of a silicon
substrate 10 from a direction at a slant to the surface thereof
such that a dopant 1s implanted into respective regions
directly beneath the edges of the polysilicon layer 16, within
a region set to form a source and a drain, respectively, on
respective sides of the gate electrode {FIG. 1(B)}. A second
implantation of 1ons 1n high concentration 1s performed
whereby arsenic 1ons As®, in high concentration, are
implanted 1nto a source region 20a and a drain region 224,
in shallow junction state, formed on respective sides of the

cgate electrode, from the direction vertical to the surface of
the silicon substrate 10 {FIG. 1(C)}.

13 Claims, 3 Drawing Sheets
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METHOD OF FABRICATING FIELD EFFECT
TRANSISTOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method of fabricating a
field effect transistor (referred to hereinafter as a MOSFET),
and 1n particular, to a method of fabricating a MOSFET
having a source region as well as a drain region of a LDD
(light doped drain) structure.

2. Description of the Related Art

In order to maintain pressure resistance without deterio-
rating device performance, it has been 1n practice to form the
source region and the drain region into the LDD (light doped
drain) structure. The LDD structure is a structure having a
lightly doped region in comparison with the source region
and the drain region, in a region directly beneath the gate
clectrode, within the source region and the drain region,
respectively, and can be formed by implanting 10ons 1n two
stages when forming the source region and the drain region.

For example, as shown 1n FIG. 3, by implanting a dopant
such as arsenic 1ons As™ or phosphorus 1ons P, in low
concentration, 1nto the surface of a silicon substrate 30 on
which there are formed device separation regions 32, a gate
oxide film 34, and a gate electrode made up of a polysilicon
layer 36 and a gate silicide layer 38 of tungsten silicide or
so forth, deposited 1n layers on the gate oxide film 34, 1n the
direction vertical to the surface of the silicon substrate 30,
self-aligning 1on implantation by the agency of the gate

electrode is performed {refer to FIG. 3(A)}.

That 1s, as a result of implantation of 1ons 1n low
concentration, a source region 40a and a drain region 42a,
which are 1n shallow junction state, are formed.

Thereatter, a S10,, film 44 1s formed on the entire surface
{refer to FIG. 3(B)}, and by etch-backing, that is, by etching
the entire surface of the S10, film 44 and completing the
ctching when the top face of the gate electrode 1s exposed,
a sidewall 46 made of S10, 1s formed on both sides of the
gate electrode {refer to FIG. 3(C)}.

Subsequently, by implanting a dopant such as arsenic 1ons
As™, phosphorus ions P,, or so forth, in high concentration,
into the surface of the silicon substrate 30 in the direction
vertical to the surface thereof, self-aligning 1on implantation

by the agency of the gate electrode provided with the
sidewalls 46 is performed {refer to FIG. 3(D)}.

At this point 1n time, as the regions directly beneath the
cgate electrode are blocked by the respective sidewalls 46,
and consequently, the 1ons can not be implanted thereinto, so
that these regions remain in shallow junction state (that is,
remaining as LDD regions) while the dopant 1 high con-
centration 1s 1mplanted mto other regions, which are ren-
dered 1n deep junction state. Accordingly, a source region 40
and a drain region 42, having the LDD region in the
respective regions directly benecath the gate electrode, are
formed.

However, with the conventional method as described
above, there will arise a problem that since the S10, film 44
1s etched back when forming the sidewall 46 on both sides
of the gate electrode, such etch-backing causes the gate
oxide film 34 to be damaged, thereby deteriorating the

performance of a MOSFET.

Further, there will arise another problem that since the
sidewalls themselves contain a number of defects and the

like, hot carriers are injected into the sidewalls when the
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MOSEFET 1s 1n operation, thereby deteriorating the perfor-
mance of the MOSFET.

To cope with the problems described above, the invention
has been developed, and 1t 1s an object of the mvention to
provide a method of fabricating a MOSFET whereby a
source region and a drain region, having a LDD region in
respective regions of a silicon substrate, directly beneath the
cgate electrode, can be formed even without forming side-
walls.

SUMMARY OF THE INVENTION

In order to achieve the objects described above, a method
of fabricating a field effect transistor, according to a first
aspect of the mvention, comprises a gate electrode forming,
step of forming a gate electrode layer by patterning a
polysilicon layer formed on a gate oxide film provided on
the surface of a substrate, and forming a gate electrode
through selective growth of a silicide on the surface of the
cgate electrode layer, a first doping step of implanting 10ns
into the upper surface of the substrate from a direction at a
slant to the upper surface thereof such that a dopant 1n low
concentration 1s mntroduced 1nto regions directly beneath the
edges of the gate electrode, and a second doping step of
implanting 10ns 1nto the upper surface of the substrate from
the direction vertical to the upper surface of the substrate
such that a dopant 1n high concentration 1s mtroduced.

That 1s, with the gate electrode forming step according to
the first aspect of the invention, selective growth of the
silicide 1s caused to take place on the surface of the gate
clectrode layer, and consequently, a silicide layer 1s formed
on the side faces of the gate electrode as well. In the course
of the first doping step, since 1ons are 1mplanted into the
upper surface of the substrate from a direction at a slant to
the upper surface thereof such that a dopant 1n low concen-
tration 1s mtroduced into regions directly beneath the edges
of the gate electrode, a source region and a drain region, 1n
desirably shallow junction state, can be formed i the
regions directly beneath the edges of the gate electrode as
well.

In the course of the second doping step, since 1ons are
implanted 1nto the upper surface of the substrate from the
direction vertical to the upper surface thercof, the silicide
layer formed on the side faces of the gate electrode covers
up the regions directly beneath the edges of the gate
clectrode, thereby preventing ions from being implanted
theremn with ease. Accordingly, the regions directly beneath
the edges of the gate electrode wherein 10ons are prevented
from bemg implanted will remain 1n shallow junction state
(that i1s, remaining as LDD regions) while other regions
wherein a dopant 1 high concentration 1s implanted will be
in deep junction state. Thus, the source region and the drain
region, having the LDD region, respectively, can be formed

in the regions directly beneath the edges of the gate elec-
trode.

With these features, the dopant used for the implantation

of 10ons may 1nclude, for example, at least either of arsenic
and phosphorus 1n the case of an N-channel MOSFET, and

may 1nclude, for example, at least either of boron and boron
fluoride 1n the case of a P-channel MOSFET.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A-1C 1s a flow sheet broadly illustrating steps of
a first embodiment of a method of fabricating a MOSFET
according to the mvention;

FIGS. 2A-2C a flow sheet broadly 1llustrating steps of a
second embodiment of a method of fabricating a MOSFET
according to the mvention; and
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FIGS. 3A-3D 1s a flow sheet broadly illustrating steps of
a conventional method of fabricating a MOSFET.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

First Embodiment

A first embodiment of a method of fabricating a MOSFET
according to the imvention 1s described with reference to
FIG. 1.

First, device separation regions 12 are formed to thickness
of 600 nm on a silicon substrate 10 provided with a well
formed therein by the known techniques such that a dopant
is in concentration in the order of, for example, 1x10"" cm™.

Subsequently, the silicon substrate 10 1s left inside an
oxidizing furnace with temperature regulated at 800° C.,
thereby forming a SiO” film, about 4 nm thick., which is to
serve as a gate oxide film 14, in regions which are not
covered by the device separation regions 12, and in which
the surface of the silicon substrate 10 1s exposed.

Thereafter, a resist pattern (not shown) serving as a mask
for patterning the gate electrode 1s formed after forming a
polysilicon film (not shown) which 1s an electrically con-
ductive film to thickness of 200 nm by the LPCVD method.
By etching unnecessary portions of the polysilicon film

using the resist pattern as a mask, a polysilicon layer 16 1s
formed {refer to FIG. 1(A)}.

Further, by the thermal CVD method, a metal having a
high melting point, for example, Mo, W, 11, or so forth, 1s
formed on the entire surface. Subsequently, by applying a
heat treatment thereto, and causing the metal having a high
melting point to react with the polysilicon layer 16, a silicide
layer 18 1s formed on the surface of the polysilicon layer 16.
At this point in time, there remain portions of the metal
having a high melting point, which have not undergone
reaction, on top of the gate oxide film 14 and the device
separation regions 12. Subsequently, wet etching 1s applied
thereto. By such wet etching, the portions of the metal
having a high melting point, which have not undergone
reaction, are removed, thereby forming the gate electrode
comprising a double layer of the polysilicon layer 16 and the
silicide layer 18. Thereafter, a first implantation of 10ons in
low concentration 1s performed by implanting arsenic 10ns
As™ or phosphorus ions P, in low concentration, into the
surtface of the silicon substrate 10 from a direction at a slant
to the surface thereof such that a dopant 1s implanted into
respective regions directly beneath the edges of the poly-
silicon layer 16, within a region set to form a source and a
drain, respectively, on respective sides of the gate electrode
{refer to FIG. 1(B)}. As a result, a source region 20z and a
drain region 22a, which are 1n shallow junction state, are
formed.

In the case where there 1s a need for controlling a short
channel effect, boron ions B™ are preferably implanted in a
direction at slant to the surface of the silicon substrate 10 at
an acceleration voltage of 45 KeV so as to be 1n the order of
4x10™* cm” in concentration, for example, after the first
implantation of ions 1n low concentration. Further, in the
case where there 1s a need for controlling a threshold voltage
VT, boron fluoride ions BF," are preferably implanted in a
direction at slant to the surfaco of the silicon substrate 10 at
an acceleration voltage of 90 KeV so as to be 1n the order of
4x10™* cm in concentration, for example, after the first
implantation of 1ons 1n low concentration.

Subsequently, a second implantation of 1ons 1n high
concentration is performed by implanting arsenic ions As™,
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in high concentration, into the source region 20a and the
drain region 22a, 1n shallow junction state, formed on
respective sides of the gate electrode, from the direction
vertical to the surface of the silicon substrate 10 {refer to
FIG. 1(C)}. At this point in time, the silicide layer 18
covering side faces of the polysilicon layer 16 1s present on
top of regions directly beneath the edges of the polysilicon
layer 16, and the 1ons are prevented from being implanted
thereinto, so that in the regions directly beneath the edges of
the polysilicon layer 16, that is, regions directly beneath the
gate electrode, a LDD region 1s formed, and remains as it 1s,
while a dopant 1n high concentration 1s 1mplanted 1nto other
regions of the silicon substrate 10, which are rendered into
deep junction state. Accordingly, a source region 20 and a
drain region 22, having the LDD region 1n the respective
regions directly beneath the gate electrode, are obtained.

Thus, with the first embodiment of the invention, the
source region 20 and the drain region 22 of an N-channel
MOSFET can be formed without forming the sidewalls, so
that a process of fabricating the MOSFET can be simplified.
In addition, since there 1s no need of forming the sidewalls,
there will not arise problems such that the gate oxide film 1s
damaged due to the effect of the etching applied when
making the sidewalls, the performance of the MOSFET 1is
deteriorated due to defects residing in the sidewalls
themselves, and so forth.

Second Embodiment

A second embodiment of a method of fabricating a
MOSFET according to the invention i1s described with
reference to FIG. 2.

First, device separation regions 12 are formed to thickness
of 600 nm on a silicon substrate 10 provided with a well
formed therein by the known techniques such that a dopant
is in concentration in the order of, for example, 1x10'" cm™.
Subsequently, the silicon substrate 10 1s left inside an
oxidizing furnace with temperature regulated at 800° C.,
thereby forming a SiO~ film, about 4 nm thick., which is to
serve as a gate oxide film 14, in regions which are not
covered by the device separation regions 12, and 1n which

the surface of the silicon substrate 10 1s exposed.

Thereafter, a resist pattern (not shown) serving as a mask
for patterning the gate electrode 1s formed after forming a

polysilicon film (not shown) which is an electrically con-
ductive film to thickness of 200 nm by the LPCVD method.

By etching unnecessary portions of the polysilicon film
using the resist pattern as a mask, a polysilicon layer 16 1s

formed {refer to FIG. 2(A)}.

Further, through selective growth of material used for a
gate silicide, for example, MoS1,, WS1,, T1S1,, and so forth,
occurring on the surface of the polysilicon layer 16 by use
of the thermal CVD method, a silicide layer 18 1s formed,
thereby forming a gate electrode made up of two layers, that
1s, the polysilicon layer 16 and the silicide layer 18.
Thereafter, a first implantation of 1ons 1n low concentration
is performed by implanting boron ions B or boron fluoride
ions BE2", in low concentration, into the surface of the
silicon substrate 10 from a direction at a slant to the surface
thereof such that a dopant 1s 1mplanted mto respective
regions directly beneath the edges of the gate electrode,
within a region set to form a source and a drain, respectively,
on respective sides of the gate electrode {refer to FIG. 2(B)}.
As a result, a source region 21a and a drain region 23a,
which are 1 shallow junction state, are formed.

In the case where there 1s a need for controlling a short
channel effect, arsenic ions As™ or phosphorus ions P™ are
implanted 1n a direction at slant to the surface of the silicon
substrate 10.
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Subsequently, a second implantation of 1ons 1n high
concentration 1s performed by implanting boron 1ons B™, in
high concentration, 1nto a region set to form a source and a
drain, respectively, formed on respective sides of the gate
electrode, from the direction vertical to the surface of the
silicon substrate 10 {refer to FIG. 2(C)}. At this point in
time, the silicide layer 18 covering side faces of the poly-
silicon layer 16 1s present on top of regions directly beneath
the edges of the polysilicon layer 16, and the i1ons are
prevented from being implanted thereinto, so that in the
regions directly beneath the edges of the polysilicon layer
16, that 1s, regions directly beneath the gate electrode, a
LDD region 1s formed, and remains as 1t 1s, while a dopant
in high concentration 1s 1implanted into other regions of the
silicon substrate 10, which are rendered into deep junction
state. Accordingly, a source region 21 and a drain region 23,
in shallow junction state, having the LDD region in the
respective regions directly benecath the gate electrode, are
obtained.

Thus, with the second embodiment of the invention, the
source region 21 and the drain region 23 of a P-channel
MOSFET can be formed without forming the sidewalls, so
that a process of fabricating the MOSFET can be simplified.

In addition, since there i1s no need of forming the
sidewalls, there will not arise problems such that the gate
oxide film 1s damaged due to the effect of the etching applied
when making the sidewalls, or the performance of the
MOSFET 1s deteriorated due to defects residing in the
sidewalls themselves, and so forth.

As described hereinbefore, the method of fabricating a
field effect transistor according to the invention has an
advantageous effect in that there 1s no need of forming the
sidewalls, enabling a fabrication process to be simplified,
and the cost of fabrication to be held back.

Furthermore, the method has another advantageous effect
in that since the sidewalls are not formed, 1t 1s possible to
climinate an adverse eifect resulting from a step of forming
the sidewalls and an adverse effect attributable to the side-
walls themselves, and a MOSFET exactly as designed can

be obtained without causing degradation in the characteris-
tics of the MOSFET.

What 1s claimed 1s:

1. A method of fabricating a field effect transistor, the
method comprising:

forming a polysilicon layer patterned on a gate oxide film
formed on the surface of a substrate;

forming a metal layer having a high melting point in such
a way as to extend from over the polysilicon layer to
over the gate oxide film;

forming a silicide layer by causing the metal layer having,
a high melting point to react with the polysilicon layer,
and forming a gate electrode made up of the silicide
layer and the polysilicon layer;

removing portions of the metal layer having a high
melting point, which have not undergone reaction with
the polysilicon layer; and
implanting 1ons into the surface of the substrate to form
source and drain electrodes having lightly-doped
regions directly beneath the edges of the gate electrode,
and more heavily-doped regions adjacent to the lightly-
doped regions, without the use of sidewall spacers to
mask the lightly-doped regions, the implantation of
ions 1n the lightly doped regions and the implantation
of 1ons 1n the more heavily-doped regions being per-
formed consecutively.
2. A method of fabricating a field effect transistor accord-
ing to claim 1, wherein the silicide layer 1s formed by means
of a heat treatment.
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3. A method of fabricating a field etfect transistor accord-
ing to claim 1, wherein the portions of the metal layer having
a high melting point, which have not undergone reaction
with the polysilicon layer, are removed by wet etching.

4. A method of fabricating a field effect transistor, the
method comprising:

forming a polysilicon layer patterned on a gate oxide film
formed on the surface of a substrate;

forming a metal layer having a high melting point 1n such
a way as to extend over the polysilicon layer to over the
gate oxide film;

forming a silicide layer by causing the metal layer having
a high melting point to react with the polysilicon layer,
and forming a gate electrode made up of the silicide
layer and the polysilicon layer;

removing portions of the metal layer having a high
melting point, which have not undergone reaction with
the polysilicon layer;

implanting 10ons into the surface of the substrate such that
a first conduction type dopant 1n a first concentration 1s

introduced 1nto regions directly beneath the edges of
the gate electrode; and

implanting 10ns mnto the surface of the substrate such that
the first conduction type dopant 1n a second concen-
tration higher than the first concentration 1s introduced
thereinto, without the use of sidewall spacers to mask
the regions directly beneath the edges of the gate
clectrode, the implantation of 10ons 1n the first concen-
tration and the implantation of 1ons in the second
concentration being performed consecutively.

5. A method of fabricating a field effect transistor accord-
ing to claim 4, wherein the suicide layer 1s formed by means
of a heat treatment.

6. A method of fabricating a field effect transistor accord-
ing to claim 4, wherein the portions of the metal layer having
a high melting point, which have not undergone reaction
with the polysilicon layer, are removed by wet etching.

7. A method of fabricating a field effect transistor accord-
ing to claam 4, wherein the first conduction type dopant
includes arsenic or phosphorus.

8. A method of fabricating a field effect transistor accord-
ing to claam 4, wherein the first conduction type dopant
includes boron or boron fluoride.

9. A method of fabricating a field effect transistor, the
method comprising:

forming a polysilicon layer patterned on a gate oxide film
formed on the surface of a substrate;

forming a metal layer having a high melting point 1n such
a way as to extend over the polysilicon layer to over the
gate oxide film;

forming a silicide layer by causing the metal layer having
a high melting point to react with the polysilicon layer,
and forming a gate electrode made up of the silicide
layer and the polysilicon layer;

removing portions of the metal layer having a high
melting point, which have not undergone reaction with
the polysilicon layer;

implanting 1ons 1nto the surface of the substrate from a
direction at a slant to the surface thereof such that a first

conduction type dopant 1n a first concentration 1s 1ntro-
duced into regions directly beneath the edges of the
gate electrode; and

implanting 1ons into the surface of the substrate from the
direction vertical to surface thereof such that the first

conduction type dopant in a second concentration
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higher than the first concentration 1s introduced

thereinto, without the use of sidewall spacers to mask

the regions directly beneath the edges of the gate
clectrode, the 1implantation of 1ons 1n the first concen-
tration and the implantation of 1ons in the second
concentration being performed consecutively.

10. Amethod of fabricating a field effect transistor accord-

ing to claim 9, wherein the silicide layer 1s formed by means
of a heat treatment.

11. Amethod of fabricating a field effect transistor accord-
ing to claim 9, wherein the portions of the metal layer having

10
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a high melting point, which have not undergone reaction
with the polysilicon layer, are removed by wet etching.

12. Amethod of fabricating a field effect transistor accord-
ing to claam 9, wherein the first conduction type dopant
includes arsenic or phosphorus.

13. Amethod of fabricating a field effect transistor accord-

g to claam 9, wherein the first conduction type dopant
includes boron or boron fluoride.
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